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SUMMARY The aim of this study was to test the
hypothesis that experimental and reversible
changes of occlusion affect the levels of surface
electromyographic (SEMG) activity in the anterior
temporalis and masseter areas during unilateral
maximal voluntary biting (MVB) in centric and
eccentric position. Changes were achieved by letting
21 healthy subjects bite with and without a cotton
roll between the teeth. The placement alternated
between sides and between premolar and molar
areas. The SEMG activity level was lower when
biting in eccentric position without than with a
cotton roll between teeth (P < 0Æ043). It was always
lower with premolar than with molar support when
biting with a cotton roll (P < 0Æ013). In the anterior
temporalis areas, the SEMG activity was always
lower on the balancing than on the working side
(P < 0Æ001). Such a difference was also found in the
masseter areas but only during molar-supported
centric biting (P = 0Æ024). No differences were found
when comparing the SEMG levels in masseter areas
between centric and eccentric biting (P > 0Æ05). In
the anterior temporalis area, the balancing side
SEMG activity was lower in eccentric than in centric
but only in molar-supported biting (P = 0Æ026). These
results support that the masseter and anterior
temporalis muscles have different roles in keeping
the mandible in balance during unilateral supported
MVB. Changes in occlusal stability achieved by
biting with versus without a cotton roll were found
to affect the SEMG activity levels.
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Introduction
The degree of the maximal voluntary biting (MVB), and
how it is affected by centric versus eccentric mandibular
position, by the location of a bolus and by occlusal
stability, can be approximated by measuring the degree
of electromyographic (EMG) activity as recorded with
surface electrodes (1–11). Recently, cotton rolls were
used to study the effect of experimentally changed
location of occlusal load on surface electromyographic
(SEMG) activity during centric maximal voluntary
clenching. It was found that with cotton rolls placed
bilaterally in the premolar instead of the molar areas,
the SEMG activity decreased both in the masseter and
in the anterior temporalis areas. When biting with the
mandible in centric position with a cotton roll on one
side, the SEMG activity decreased both in working and
balancing masseter areas. In the temporalis area,
however, the SEMG activity decreased only on the
balancing side (8). This indicates strongly that changes
in the placement of a bolus have different effects on the
degree and symmetry of masseter and temporalis
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muscle activity during centric maximal voluntary
clenching. However, during chewing, the bolus is mostly
placed on the left or the right side and the mandible is
often positioned more or less eccentric. Keeping the
mandible in a balanced position during unilateral
clenching on a tough food bolus in eccentric position is
a task that can be expected to need well-coordinated
muscle activity. Therefore, further research is motivated
to test if the elevator muscles are affected in the same
way during MVB in eccentric as in centric positions.
The term occlusion which, according to common
definitions (12), refers to ‘The act of closure or state of
being closed’ will in this article be used as referring to
conditions when the subject had contacts between
opposing teeth with or without a cotton roll being
inserted. Generally, the studies indicate that the SEMG
levels are increased when subjects bite on a soft surface
compared to a hard surface, such as experimental
interferences (10), plastic appliances (11, 13–17), or on
force transducers (18–22), probably because of a better
stability and more contact points being obtained (8).
The jaw muscle SEMG activity degree at clenching is
affected by factors such as the mandibular position (17,
23, 24), the number and location of the occlusal
contacts (10, 11), occlusal support distribution (10,
25, 26), the direction of force vectors (27), the level of
biting force (2), contact versus no contact between
premolars in centric versus eccentric position (28) and
age (29). Both human and animal studies have dem-
onstrated distinct differences between women and men
in terms of jaw movements (30), muscle fibre compo-
sition, twitch forces and torques (31). Several other
factors such as pain and muscle fatigue (32, 33) may
also exert a control on the jaw-closing muscle.
Most of the clenching activity recorded with surface
electrodes in the temporalis area may be from the
temporalis muscle and most in the masseter area may
be from the masseter muscle. It is, however, realized
that the individual SEMG recordings mostly contain a
mixture of activity from several jaw muscles and may
be contaminated with facial muscle activity. Therefore,
the label ‘muscle area’ is preferred here. If the locali-
zation to specific individual muscles is desirable, the
recordings have to be complemented with intra-mus-
cular electrodes (34, 35).
Keeping the mandible in a balanced situation when
chewing tough food unilaterally can be expected to
need well-coordinated elevator muscle activity. The
aim of this study was to test for differences in SEMG
activity in the masseter and the anterior temporalis
areas during MVB with unilateral occlusal support with
and without modification by a cotton roll, and for the
changes of the mandibular position from centric to
eccentric and the changes of the location of the occlusal
support from molar to premolar. The response to
changes from biting with, to biting without, an inserted
cotton roll represents here changes from a stable to an
unstable occlusion relation. The hypothesis was that
the jaw-closing muscle activity degree, as recorded by
SEMG in the masseter and the anterior temporalis
areas, was affected by changes in occlusal stability,
changes in mandibular horizontal positions and
changes in the occlusal support location.
Materials and methods
Twenty-one healthy students, 11 men and 10 women,
aged 22–24, mean 21  0Æ5 (SD), participated in this
study. Before testing, the subjects were independently
examined by two trained clinicians. The subjects had at
least 28 permanent teeth with group function relation
during right and left lateral movements. None had
occlusal contacts on the non-working side while biting
in eccentric position. All chewed alternating between
sides. No one had any signs of temporomandibular
disorders (36). All volunteers gave informed consent,
and the study was approved by the local ethical
committee of the Fourth Military Medical University.
The SEMG activity was recorded in accordance with
our previous experiment (8). Briefly, a commercially
available EMG equipment (EM-2*) was used with
surface electrodes* placed in the centre of the masse-
ter and anterior temporalis areas parallel to the direction
of the main superficial muscle fibre bundles. The inter-
electrode distance was 20 mm in each pair, and a
common reference electrode was placed in the back of
neck as reported in a previous study. The high- and low-
pass SEMG filters were set at 10 and 1000 Hz. The root
mean square (RMS) values of the SEMG activity
recordings were calculated. The subjects were allowed
to practice prior to the start of the experiment. They
were instructed to keep looking at a mark placed 2 m
away at eye level, keeping the head in a steady upright
position, and were encouraged verbally to clench with
maximal effort in the various tests. Each SEMG record-
ing of MVB lasted 5 s with 1- to 2-min intervals between
*EM-2, Myotronic Co., Seattle, WA, USA.
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repetitions to avoid muscle fatigue. The interval
between two different tasks was 5 min and the total
recording time for each student was about 30 min. The
mean RMS SEMG values of two repeated recordings
were used in the statistical analysis.
As described in a previous study, cotton rolls (17 mm
in length and 10 mm diameter) were used as modifiers
intended to provide a more stable occlusion relation by
preventing potentially disturbing contacts between
opposing teeth and increasing the contact area (8). In
this view, biting without a cotton roll in eccentric
position is unstable. The bite opening was estimated
with a ruler to be approximately 1 mm when biting on
the cotton roll and all subjects confirmed that there
were no contacts on the balancing side.
The long axes of the cotton roll(s) were in the buccal-
lingual direction. The cotton rolls were positioned on
the mandibular dentition either on the right or on the
left side, and either in the molar (molar-supported
clenching) or premolar (premolar-supported clenching)
region. The mandible was positioned either at a centric
or at an eccentric position (Fig. 1). The SEMG activity
during MVB was also recorded with the mandible in the
same eccentric position and with the teeth occluding
but without a cotton roll inserted. Thus, as illustrated in
Fig. 1, MVB was recorded in a total of 10 (five pairs of
right and left) different occlusal positions in randomized
order when the mandible was either in a centric or an
eccentric position with a cotton roll placed on one side,
either in the molar or the premolar area. Recording was
also made with the mandible in the eccentric position
but without a cotton roll.
The SEMG recordings were normalized within each
subject by calculating the ratios between each test
recording and a reference, here chosen as a recording
from clenching with MVB in centric intercuspal
position without cotton rolls.
The statistical analysis was performed using the SPSS
11.0 package†. Student t-test was used to compare
activity levels during different biting tasks (as indicated
in Fig. 1) between genders. No significant differences
were found. Therefore, data from male and female
subjects were pooled before further analysis. Paired
Student t-test was used to compare the SEMG levels
between contractions when the cotton roll was placed
either on the right or the left side. No significant
differences were found. Therefore, the working side
data were pooled and so were the balancing side data
Cotton-roll modified premolar supported centric MVB
Cotton-roll modified premolar supported eccentric MVB
Eccentric MVB without cotton-roll 
Cotton-roll modified molar supported centric MVB






Fig. 1. Diagram of the five occlusion conditions in present unilateral biting tasks. The cotton rolls are illustrated as black dumb-bells. They
wereputeither in thepremolar(a,b, c,d)or themolarareas (g,h, i, j), eitherontheright side(a, c,g, i)oronthe left side (b,d,h, j).Themandible
was either in a centric (a–b, g–h) or an eccentric position (c–d, e–f, i–j). The eccentric positions without cotton roll are illustrated in e–f. MVB,
maximal voluntary biting.
†SPSS Inc., Chicago, IL, USA.
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for each muscle area before further comparisons. A t-
test for dependent measures was used to compare the
ratios between muscle activity levels with versus
without a cotton roll in eccentric position, with a
cotton roll in centric versus eccentric positions, with a
cotton roll in the molar versus the premolar area.
Comparisons were also made between working and
balancing side activity levels. P-values were considered
significant when <0Æ05.
Results
The results of biting with maximal voluntary activity
(MVB) based on original ‘raw’ SEMG recordings are
listed in Table 1 and those based on normalized SEMG
recordings are shown in Fig. 2.
With versus without cotton rolls in eccentric position
The MVB activity was lower in eccentric position
without a cotton roll in all four muscle areas than in
MVB in eccentric position with cotton rolls at premolar
or molar area (P < 0Æ005).
Centric versus eccentric with the insertion of a cotton rolls
Balancing side activity in the temporalis area was lower
in eccentric than in centric in molar-supported MVB
Table 1. Root mean square values (mean  SD) of the SEMG activity in areas of anterior temporalis (TA) and masseter (MM) in lV
during maximal voluntary biting (MVB) in centric and eccentric positions with cotton rolls being inserted between upper and lower













Mandible in centric with
cotton roll loading on
Premolar 143  53Æ3 62  53Æ2 <0Æ000 137  63Æ3 149  52Æ1 0Æ119
Molar 194  58Æ2 153  58Æ9 <0Æ000 209  51Æ5 182  55Æ7 <0Æ000
Premolar 155  59Æ9 76  51Æ3 <0Æ000 142  62Æ8 151  60Æ7 0Æ244
Mandible in eccentric with
cotton roll loading on
Molar 190  51Æ8 127  63 <0Æ000 198  44Æ8 174  46Æ9 0Æ002
Mandible without cotton-roll Eccentric 132  71Æ2 34  25Æ6 <0Æ000 76  53Æ3 107  59Æ9 0Æ001
LTA RTA LMM RMM
Centric biting without cotton roll 205  65Æ7 203  60Æ5 0Æ798 235  62Æ4 235  48Æ8 0Æ993
Fig. 2. The means of the normalized SEMG values (n = 21; mean + SD) from masseter and anterior temporalis areas during unilateral biting.
The four columns in each of the five groups represent the normalized data from maximal voluntary biting (MVB) with cotton rolls placed
at the first premolar or molar region with the mandible in centric or eccentric position, and during unilateral biting in eccentric position
without cotton roll(s). WTA, working side anterior temporalis area; WMM, working side masseter area; BTA, balancing side anterior
temporalis area; BMM, balancing side masseter area; CP _ Premolar, MVB in centric position with a cotton roll placed at the first premolar area;
ECP _ Premolar, MVB in eccentric position with a cotton roll placed at the first premolar area; ECP, MVB in eccentric position without cotton
rolls between upper and lower teeth; CP _ Molar, MVB in centric position with a cotton roll placed at the first molar area; ECP _ Molar, MVB in
eccentric position with a cotton roll placed at the first molar area. * P < 0Æ05. Comparing to centric and eccentric biting with cotton rolls all the
values of the four muscles during biting in eccentric position without cotton rolls were lower. In addition, compared to centric molar-
supported biting, all the values of the four muscles during premolar-supported MVB were lower.
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(P = 0Æ003). No other differences were found in this
test.
Premolar- versus molar-supported biting
The activity was lower in premolar- than in molar-
supported biting in masseter and anterior temporalis
areas during centric and eccentric MVB (P < 0Æ003).
Working side versus balancing side
The activity was lower on the balancing than on the
working side in the anterior temporalis area (P < 0Æ001)
in all of the five tested occlusal conditions. In the
masseter areas, this difference was found only during
centric molar-supported MVB (P = 0Æ006).
Discussion
The results imply that a powerful elevator activity was
supported by a stable occlusal relation because when
improved stability of occlusal relations was provided by
the cotton rolls, the SEMG activity degree was as high
in the masseter and the anterior temporalis areas at
eccentric position as at centric position. When biting in
the same eccentric position with an unstable relation,
i.e., without insertion of a cotton roll, the SEMG
activity degrees were at their lowest levels in all four
areas. No gender differences were found. These results
are in agreement with Jimenez (6) who found that
occlusal stability has more influence than mandibular
sagittal position on masseter and anterior temporalis
MVB SEMG levels. Supportively, MVB SEMG activity
in masseter areas of healthy subjects with natural
dentitions has been reported to be lower when biting in
edge-to-edge lateral contact position than when biting
in the intercuspal position (24), but when the cotton
rolls were inserted, as in this study, no such effect was
observed in the masseter muscle area.
Baba et al. (23) reported that clenching with only
bilateral first premolar support caused a larger upward
movement of the mandible in the posterior region than
biting with bilateral second molar support. They also
reported that clenching on unilateral occlusal stops
caused an upward movement on the contralateral side
of the mandible. These results showed that when the
clenching load is moved from molar to premolar regions,
the SEMG activity decreases in all areas, and when
clenched unilaterally, the working side SEMG activity in
masseter area is as low as the balancing side. These results
suggest a protective reaction of the masseter muscle by
lowering its activity in avoiding harmful displacement of
the mandible during clenching in an unstable condition
(37), and are in accordance with earlier reports about
MVB in healthy subjects in closed position (8, 24) and in
unilateral biting on a bite-force transducer (38). The
anterior temporalis areas activity, however, differed from
that in the masseter areas. The SEMG activity levels were
always lower on the balancing side than on the working
side in the anterior temporalis. In MVB with molar
support, the SEMG activity in balancing side anterior
temporalis area was lower when biting in eccentric than
in centric position, while no such differences were found
in the masseter areas.
The individual role of the many subdivisions of the
masseter and temporalis muscles in keeping the man-
dible in balance during biting and chewing cannot be
analysed by SEMG only. Needle or wire electrodes for
EMG recordings are, however, not realistic methods in
studies on large groups of human subjects because of
the pain and possible trauma such electrodes may
cause. Surface EMG does still give valuable information
as long as it is kept in mind that the recordings
represent composite activity patterns from groups of
muscles where the degree of individual muscles, or
subdivisions of muscles, cannot be accurately defined.
With this in mind, it is still reasonable to conclude that
the differences between recorded SEMG patterns in this
study strongly indicate that the roles of the temporalis
and masseter muscles in keeping the mandibular
balance during unilateral MVB are different. It should
also be noted that it is a matter of discussion if
normalization of EMG data should be performed but
several other investigations have recommended this
approach (for a discussion, see ref 39). It is reasonable
to conclude that the anterior temporalis and masseter
muscles have functional differences during chewing,
which is in agreement with van der Bilt et al. (22).
Future studies on subjects who prefer one and the
same side for unilateral chewing versus those who
alternate between sides are motivated to study if
asymmetrical jaw elevator activity has negative long-
term effects on jaw muscle and temporomandibular
joint function. A simultaneous measuring of the man-
dibular movement during biting like that reported by
Baba et al. (23) would provide more information.
Finally, it should be recognized that placement of the
cotton roll between the teeth could have changed the
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biomechanics of the temporomandibular joint with a
different afferent input to the motorneuron pool and
that this might have influenced the activation of the
elevator muscles. However, because of small change in
the angle of the condyle in the fossa that the cotton roll
may have caused this influence is not likely to have
played a major role. It might have been desirable to
simultaneously record the biting force with a trans-
ducer to monitor the biting force levels. A ‘naked’ bite
transducer may not provide as stable and comfortable
contact relations as a cotton roll and further studies are
planned where a bite transducers wrapped in soft
closing will be used.
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